Abstract. Although the role of krüppel-like factor 17 (KLF17) in the regulation of proliferation and epithelial-mesenchymal transition has been examined in breast and liver cancer, their effect on papillary thyroid carcinoma (PTC) remains to be elucidated. The present study aimed to investigate the expression pattern of KLF17 in PTC and the correlation between KLF17 expression and the malignant potential of PTC. KLF17 expression in PTC and adjacent liver tissues was studied by polymerase chain reaction and western blot analysis, and the association between KLF17 expression and the clinicopathological features of PTC was studied in 50 patients. By using RNA interference against KLF17, the correlation between KLF17 expression and malignant potential was examined by downregulating KLF17 expression in TPC-1 cells, and the effects of KLF17 downregulation on cell proliferation and motility were analyzed. Furthermore, the association between KLF17 expression and the surgical outcomes of PTC patients were analyzed. Downregulated expression of KLF17 was associated with a shorter overall survival time in clinical patients (P<0.05). Low KLF17 expression was significantly associated with tumor stage, tumor size, nodal stage and metastasis stage in PTC (P<0.05). The reduced expression of KLF17 promoted the motility and proliferation ability of TPC-1 cells by altering the expression of tight junction protein 1 and Snai1, and activating the AKT pathway by upregulating inhibitor of DNA binding 1. In conclusion, the present study demonstrated that KLF17 is important in tumor proliferation and may be a useful prognostic indicator in directing therapy. Therefore, further investigation regarding the role of KLF17 in PTC is required.
Introduction
Thyroid carcinoma accounts for ~1% of all new malignant diseases, ~0.5% of cancers in males and 1.5% in females (1, 2) . Papillary thyroid carcinoma (PTC) is the most common endocrine malignancy in thyroid carcinoma (3) . Although there are numerous pathways associated with this type of tumor, the extracellular signal-regulated kinase/mitogen-activated protein kinase pathway (4) and signal transducer and activator of transcription 3 pathway (5) have been extensively studied. However, at present, more factors need to be identified in order to predict the genesis and development of PTC more precisely. In particular, certain upstream regulators require further examination.
Kruppel-like factors (KLFs) consist of subfamilies belonging to the mammalian specificity protein/KLF zinc-finger protein family (6) . Due to their DNA-binding domains, they are important in cancer, inflammation and heart disease (7) through their combination with promoters of target genes in transcription (8) .
KLF17 was found to have transactivation activity in embryonic chickens (9) and humans (8) . The decrease in the expression of KLF17 has been associated with a poor prognosis and pathological parameters in liver (10) and breast cancer (11) . The mechanisms underlying its function include regulation of proliferation and epithelial-mesenchymal transition (EMT) by directly binding to the promoters of inhibitor of DNA binding-1 (Id-1), ZO-1, E-cadherin and Snai1 (11, 12) . However, the effects of KLF17 on PTC have not been fully elucidated.
The present study explored the correlation between KLF17 expression and malignant clinical-pathological parameters and a poor prognosis in patients with PTC. Cells were transfected with small interfering (si)RNA against KLF17 and their mobility, proliferation ability and expression of Id-1, ZO-1 and Snai1 were studied. The results indicated that KLF17 may be important in the therapy and prognosis of PTC and thus, further investigation is required.
Materials and methods
Patient information and samples. In total, 50 pairs of PTC samples and adjacent normal tissues (located 1.5 cm away from the cancer margin) were collected from patients 4 per well in a six-well plate. The mRNA expression of KLF17 was measured 48 h after reaching confluence and, following 72 h, the protein expression was also assessed.
Quantitative polymerase chain reaction (qPCR).
The total RNA from paired PTC tumor samples and adjacent normal tissues was extracted. Following application of TRIzol reagent (Invitrogen Life Technologies), the concentration was measured using a NanoDrop 2000 spectrophotometer (NanoDrop Products, Wilmington, DE, USA). Total RNA (1 µg) was used in the reverse transcription reaction. The SYBR qPCR mix TM kit (Toyobo, Osaka, Japan) was used for qPCR. Finally, mRNA expression was detected using an ABI Step one real-time PCR system (Applied Biosystems, Sunnyvale, CA, USA). The process was repeated in the TPC-1 cell line to measure the transfection efficiency of KLF17 siRNA. The following specific primers were used: KLF17, forward 5'-GCTCTGGAGTGCACACCTCTT-3' a nd r eve r s e 5'-CAG CAT C T C T G CG C T GT GA-3'; β-actin (used as control for amplification), forward 5'-TCGTCCACCGCAAATGCTTCTAG-3' and reverse 5'-ACTGCTGTCACCTTCACCGTTCC-3'.
Western blot analysis. The proteins were extracted from tissues and cells and their concentration was measured. Western blotting was performed with specific primary antibodies against KLF17, Id-1, ZO-1, Snai1, AKT, phosphorylated (p)-AKT (rabbit-anti-human antibody; 1:1,000; Abcam, Cambridge, MA, USA) and GADPH (1:1,000; Abcam), followed by appropriate secondary horseradish peroxidase-conjugated antibodies (1:5,000; Pierce Biotechnology, Inc., Rockford, IL, USA). The protein bands were visualized using an enhanced chemiluminescence detection system (Pierce Biotechnology, Inc.).
Cell proliferation assay. To establish cell growth curves, 5x10 4 cells were seeded in 6-well plates. The plates were divided into two groups. One group was cultured with DMEM only, while the other group was cultured with DMEM following transfection with siRNA against KLF17. The medium was replaced every 2-3 days. The cell numbers were counted on days three, six and nine following seeding. The assay was repeated three times. Statistical analysis. The comparison of survival times between the high KLF17 and low KLF17 expression groups was performed by Kaplan-Meier analysis and the log-rank test. The correlation between all sorts of clinical-pathological parameters and the difference in expression of KLF17 was analyzed using a χ 2 test. The mean diameter of tumors between two groups was compared by the Wilcoxon rank sum test. In addition, for analyzing the results of qPCR and western blot analysis as well as the Transwell assay, the Student's t-test was adopted. All the data are expressed as the mean ± standard deviation. P<0.05 was considered to indicate a statistically significant difference. All experimental data were analyzed using the SPSS statistical software (version 16.0; SPSS, Inc., Chicago, IL, USA).
Results

Expression of KLF-17 is decreased in tumor tissues.
Based on qPCR results, the expression of KLF17 significantly decreased in tumor tissues compared with that in adjacent normal tissues. The expression of KLF17 in one of the adjacent normal tissue samples was set as the reference and the value was 1.641±0.341 in tumor tissues. The value was 3.81±0.148 in adjacent normal tissues (Fig. 1A and B) . The difference was statistically significant (P<0.05) and the protein expression demonstrated a similar result (Fig. 1C) . The majority of the adjacent normal tissues exhibited a higher expression of KLF17.
KLF17 expression correlates with clinical-pathological parameters and the apparent effects on the prognosis of PTC patients.
Next, the χ 2 test was adopted to investigate the correlation between KLF17 expression and clinical-pathological data of all patients. The majority of the parameters had no clear association with KLF17 expression (Table I) . However, tumor size, T stage, N stage and M stage demonstrated a tight correlation with KLF17 expression. The tumors with a dimension >2 cm had lower expression levels of KLF17 compared with the group with a tumor dimension <2 cm (P<0.05; Fig. 2A ). In addition, the Patients were then divided into two groups according to their KLF17 expression at the protein level. The survival time of the two groups was compared by Kaplan-Meier analysis. The cumulative five-year survival rate was 64% in the high KLF17 expression group; however, it was 21% in the low expression group (Fig. 2B; P=0.0073 ). This finding indicated that downregulated KLF17 expression was associated with a poor prognosis in PTC Expression of KLF17 affects the proliferation and motility of the PTC cell line. TPC-1 cells were employed as the target of RNA interference (RNAi). siRNA was applied to transfect this cell line to inhibit the expression of KLF17 and the KLF17 mRNA expression levels in these cells were assessed. Following 24 h transfection, transfected cells and control cells were seeded on 6-well plates. The cell number was determined following three, six and nine days, showing that the proliferation of the transfected group was enhanced, particularly following six days ( Fig. 3A; P<0.05) . Future studies may aim to identify the correlation between N and M stage and KLF17 expression. 
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The invasion ability of transfected TPC-1 cells was also examined. In the Transwell assay, following 24 h, a larger number of cells transfected with siKLF17 penetrated into the lower chamber (Fig. 3B) as compared with the control group. This was statistically significant (P<0.05).
Inhibition of KLF17 promotes the expression of Id-1, thus activating the AKT pathway and affecting the proliferation of PTC cells.
In order to further elucidate the underlying mechanisms of the role of KLF17 in PTC its effect on proliferation, the expression of Id-1 was detected by western blot analysis. With the downregulation of KLF17, Id-1 expression was upregulated (Fig. 4A) . AKT and p-AKT were also examined. Consistent with the hypothesis, with the inhibition of KLF17, the AKT pathway was activated (Fig. 4B) . This may explain the proliferation changes following transfection.
Inhibition of KLF17 promotes the expression of Snai1 and suppresses ZO-1, inducing EMT.
Next, ZO-1 and Snai1, which have a tight association with EMT, were assessed in transfected TPC-1 cells and control cells by western blot analysis. ZO-1 belongs to markers of epithelial tissues. Snai1 is regarded as a marker of mesenchymal tissues (14) . The expression of the two proteins was markedly altered. The expression of ZO-1 was reduced accompanied with an upregulation of Snail in transfected TPC-1 cells (Fig. 4C) .
The above findings demonstrated that the downregulation of KLF17 was associated with increased cell motility in TPC-1 cells. It also indicated that the reduction in KLF17 expression was able to induce the occurrence of EMT in PTC, thus, promoting metastasis.
Discussion
The KLF family consists of several members which each have a particular function in different types of cancer, ranging from oncogenes to tumor suppressors (15, 16) . KLF17 has been investigated in several types of cancer, including breast cancer, liver cancer and lung adenocarcinoma (17) . However, the specific functions of KLF17 remain to be explored in depth and its role in PTC remains to be elucidated.
The present study detected a significantly different expression pattern of KLF17 between tumor tissues and adjacent normal tissues in PTC patients. Furthermore, it was found that tumor dimension and T staging were negatively correlated with the expression of KLF17. Based on the UICC TNM Classification System for papillary thyroid carcinoma, the majority of patients with lower KLF17 expression were identified at stages 3-4 (P<0.05). That is possible for the effect of KLF17 on the growth and motility of PTC cells through its effect on Id-1 and EMT-associated factors (10, 11) . In the low KLF17 expression group, the tumor acquired a stronger metastasis tendency with the invasion of lymph nodes and distant tissues. In addition, prognosis studies have demonstrated that the five-year total survival rate of the patients with low KLF17 expression (40.1%) was significantly shorter than that of high KLF17 expression patients (60.2%). In addition, in the high KLF17 expression group, survivors had an improved liver function as compared with the low expression group. These results supported the theory that the KLF17 expression levels are a key prognostic indicator for patients with PTC. KLF17 may not only be an indicator of survival time, but also of quality of life. The present study was, to the best of our knowledge, the first clinical study on PTC demonstrating an apparent clinical correlation between KLF17 expression and poor prognosis.
To verify the results, PTC cell lines were used to compare their KLF17 expression. Through comparison, the 8505C cell line was found to exhibit a higher KLF17 expression, while the TPC-1 cell line had a lower KLF17 expression. Therefore, TPC-1 cells were selected to inhibit KLF17 expression by RNAi. Following transfection, the expression of KLF17 was verified by western blot analysis. In addition, a cell proliferation assay was applied between control cells and transfected cells. Following 144 h, the proliferation of transfected cells was significantly suppressed compared with that of the control cells (P<0.05). Based on the Transwell assay, the enhanced potency of invasion and motility in transfected TPC-1 cells verified the function of KLF17 in this area. Next, western blot analysis was employed, showing that with the decrease in KLF17 expression, the expression of Id-1, ZO-1 and Snai1 was altered. Id-1 is a key regulator of tissue-specific gene expression in a number of mammalian and non-mammalian A B C organisms, and the constitutive expression of Id proteins has been demonstrated to inhibit the differentiation of various tissues (18) . Furthermore, Id-1 exerts its function by promoting the AKT pathway (19) . The downregulation of AKT and p-AKT verified our hypothesis. Therefore, it was considered that KLF17 was able to suppress Id-1 expression and thus inhibit the AKT pathway in PTC. Although this result provided a partial explanation for the change in cell proliferation ability, the motility of cells following transfection requires further investigation. The expression of ZO-1 (20) and Snai1 (21) , two typical markers of EMT, were compared between two cell groups. The EMT process (22) affects cell-intrinsic and cell-extrinsic properties of tumor cells by breaking the stability of the cytoskeleton, loosening intercellular junctions and promoting cancer cells to change their form and motility (23) . In transfected TPC-1 cells, the expression of ZO-1, a marker of epithelial tissues, was downregulated significantly. In addition, Snai1, a marker for mesenchymal tissue, was markedly upregulated (P<0.05). KLF17 was linked to the promoter regions of these two genes and shown to affect the expression of the associated proteins (12) . Therefore, the expression changes of the two proteins may explain the enhancement in potential for motility and invasion of transfected cells. This may explain the association between low KLF17 expression and poor prognosis of patients with PTC.
In conclusion, the present study demonstrated that KLF17 is a suppressor of PTC growth in preclinical models, although it remains to be determined whether this finding is the case for all histological subtypes of thyroid cancer. However, the present study suggested that targeting this transcription factor may be useful in estimating the prognosis of patients with PTC. As a candidate biomarker, further examining the roles of KLF17 in the progression of PTC and the underlying mechanisms may provide a new therapeutic target to prolong survival time and even enhance the quality of life of PTC patients.
